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SPECIFICATION 

1 . Title of the Invention 

ENGINE INTAKE DEVICE WITH SUPERCHARGER 

2. Scope of Patent Claims 

(1) An engine intake device with a supercharger, 
characterized in that - in an engine with a supercharger that 
is provided with an auxiliary intake system in addition to 
the primary intake system, and where the supercharger is 
provided in the aforementioned auxiliary intake system, 
and new air is supplied from the primary intake system 
below the established load of the engine, and that is 
configured such that it provides supercharged air from the 
auxiliary intake system in at least the compression stroke in 
addition to the new air from the primary intake system at 
the established load of the engine or higher - it is provided 
with a control device that controls an auxiliary intake valve 
that comprises the aforementioned auxiliary intake system 
so that its lift is increased according to the increase of the 
load in the supercharging range. 

3. Detailed Description of die Invention 

The present invention relates to an engine intake 
device with a supercharger. 

Conventionally, an engine with a supercharger that is 
provided with an auxiliary intake system equipped with a 
supercharger in addition to the primary intake system that 
supplies new air by means of the negative pressure of the 
engine intake, that supplies new air from the primary intake 
system below the established load of the engine, and that is 
configured such that it provides supercharged air from the 



auxiliary intake system in at least the compression stroke in 
addition to the new air from the primary intake* system at 
the established load of the engine or higher is well-known 
as one kind of engine with a supercharger as shown in 
Japanese Unexamined Patent Application Publication S55- 
137314, for example. 

However, in the aforementioned engine, there is the 
inconvenience that in the initial stage of the supercharging 
range where the charging pressure is low, the compression 
pressure decreases and the output becomes insufficient. 

In other words, in the initial stage of the supercharging 
range where the non-supercharged range switches over to 
the supercharged range and supercharged air begins to be 
supplied from the auxiliary intake system, the charging 
pressure gradually falls below the objective of supplying 
supercharged air, and it has been equipped such that the 
charging pressure increases according to the increased load. 
Meanwhile, the auxiliary intake valve of the auxiliary 
intake system closes after the primary intake valve of the 
primary intake system in the compression stroke closes, and 
the lift is set to be large corresponding to the charging 
pressure at the time of maximum charging. Thus, when the 
charging pressure is low, because a portion of the 
pressurized gas within the combustion chamber is blown 
back and flows into the auxiliary intake system before the 
auxiliary intake valve closes in the compression stroke, the 
increase in the compression pressure becomes insufficient, 
and it has not be possible to achieve the desired output 
performance (the supercharging effect). 
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In consideration of such points, the present invention 
provides an engine intake device with a supercharger that is 
configured with a control device provided that controls an 
auxiliary intake valve that comprises the auxiliary intake 
system so that its lift is increased according to the increase 
of the load in the supercharging range, and prevents the 
blowing back of the pressurized gas at the initial stage of 
the supercharging range, and exercises the desired 
supercharging effect by means of the primary intake system 
and the auxiliary intake system. 

Below, an example of embodiment of the present 
inventions shall be explained in reference to the figures. In 
Figure 1, 1 is the engine, 2 is the primary intake system that 
provides new air to the engine 1 via the primary intake port 
4 that communicates with the combustion chamber 3 of the 
cylinder head la of the aforementioned engine 1, and 
similarly, 5 is the auxiliary intake system that provides 
supercharged air to engine 1 via auxiliary intake port 6 that 
communicates with the combustion chamber 3, and 
similarly, 7 is an exhaust system that expels exhaust gas 
from the engine I via the exhaust port 8 that communicates 
with the combustion chamber 3. 

In the primary intake system 2, 9 is a primary intake 
valve that opens and closes the primary intake port 4 with 
the desired timing, 10 is a primary throttle valve that 
controls the inspiratory airflow that is provided along the 
primary intake passage 1 1, 12 is a fuel injection nozzle that 
injects fuel upstream of the primary throttle valve 10, and 
13 is an injection control device that controls the amount of 
fuel injected. 

The aforementioned injection control device 13 is 
configured so as to receive an intake volume signal 
detected by means of the airflow meter 14 and a rev count 
signal detected by means of a revolution sensor 15, 
calculate the fuel injection amount according to the 
operating conditions of engine 1 from these signals, send a 
control signal to the fuel injection nozzle 12, and have a 
prescribed amount of fuel injected into the primary intake 
system 2. 

In the auxiliary intake system 5, 16 is an auxiliary 
intake valve that opens and closes auxiliary intake port 6 
with the desired timing (see Figure 3) by means of the 
timing cam 17, 18 is a supercharger composed of a vane 
type engine pump that is provided along the auxiliary 
intake passage 19, and in addition, 20 is an auxiliary 
throttle valve that is provided at the auxiliary intake 
passage 19 downstream of the supercharger 18, the 
aforementioned auxiliary throttle valve 20 is linked with 
the aforementioned primary throttle valve 10 via a linking 



Japanese Unexamined Patent Application Publication S58-62314 (2) 
mechanism, etc., and the primary throttle valve 10 is linked 
to open to a desired aperture or more and moved in a linked 
fashion in order for it to open from the closed state. 

The aforementioned supercharger 18 is driven via an 
electromagnetic clutch 21 by means of the engine 1. That is 
to say, the driving force of the crankshaft 24 that is rotary 
driven via the connecting rod 23 reciprocally to the piston 
22 in the engine 1 is conveyed via the drive assembly 25 
causing supercharger 18 to be rotary driven, and the driving 
and pausing of the supercharger 1 8 is controlled by means 
of the disengagement and engagement of the 
electromagnetic clutch 21. 

The aforementioned electromagnetic clutch 21 is 
configured such that it disengages and engages according to 
the load of the engine 1, and the signal from the aperture 
sensor 26, which detects the openness of the auxiliary 
throttle valve 20, is input into this electromagnetic clutch 
21, and when the auxiliary throttle valve 20 has been 
opened to a set value or higher, in other words, when the 
load of engine 1 is of a set value or higher, the 
electromagnetic clutch 21 engages and drives the 
supercharger 18. 

Moreover, 27 is a relief passage that bypasses the 
aforementioned supercharger 18, 28 is a relief valve 
provided at the aforementioned relief passage 27, and this 
regulates the upper limit of the charging pressure force 
downstream of the supercharger 1 8. 

In addition, in the exhaust system 7, 29 is the exhaust 
valve that opens and closes the exhaust port 8 at a desired 
timing, and 30 is the exhaust passage that connects with the 
exhaust port 8. 

Regarding the relation of the timing of the opening 
and closing of the aforementioned primary intake valve 9 
and the auxiliary intake valve 16, as illustrated in Figure 3, 
the auxiliary intake valve 16 remains open from the final 
stage of the intake stroke through the compression stroke, 
and closes at a timing that is later than the that of the 
primary intake valve 9, and it supplies supercharged air 
from auxiliary intake system 5 at least in this compression 
stroke. 

Meanwhile, in Figure 1, 31 is a control device that 
controls an auxiliary intake valve 16 so that its lift is 
increased according to the increase of the load in the 
supercharging range, and detecting the charging pressure of 
the auxiliary intake passage 19 and adjusting them timing 
cam 17, the lift of auxiliary intake valve 16 is as shown in 
Figure 3, and as the charging pressure (the load) increases, 
it increases the lift so that the open valve curve changes 
from A to B or C. 
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In Figure 2, a specific example of the aforementioned 
control device 3 1 is shown where one end of a rocker arm 

33 that is supported by rocker shaft 32 such that it can rock 
freely is linked to the auxiliary intake valve 16, and a roller 

34 is provided on the other end. Meanwhile, timing cam 17 
is configured such that it is fitted to rock freely in the 
direction of the shaft via the splines 36 on camshaft 35, and 
the cam surface 17a of the aforementioned timing cam 17 is 
established diagonally to the direction of the rocking, and 
the roller 34 of the aforementioned rocker arm 33 is 
pressure welded to this cam surface 17a, and the rocker arm 
33 rocks according to the revolution of the timing cam 17. 
In addition, the lever 38a of the actuator 38 is engaged in 
the groove 17b of the timing cam 17, and the timing cam 17 
is rocked by means of the action of the aforementioned 
actuator 38. As for the aforementioned actuator 38, it is 
configured such that the rear anchor of rod 38b that is 
affixed to the front end of the aforementioned lever 38a is 
supported by a diaphragm 38c, and while the charging 
pressure in the auxiliary intake passage 19 downstream 
from auxiliary throttle valve 20 is introduced into the 
pressure chamber 38d that is partitioned by the 
aforementioned diaphragm 38c, the compression "spring 38f 
is compressed at the atmospheric chamber 38e, the 
diaphragm 38c is displaced according to the charging 
pressure that is introduced into the pressure chamber 38d, 
and the timing cam is rocked. Furthermore, 39 is a spring 
retainer for auxiliary intake valve 16. 

Next, to explain the operation of the aforementioned 
example of embodiment, first, when the load is low and the 
aperture of primary throttle valve 10 is at a set value or 
below, the auxiliary throttle valve 20 is closed, the 
electromagnetic clutch 21 is in a disengaged state, and the 
supercharger 18 is not being driven, and new air is supplied 
to the combustion chamber 3 only from the primary intake 
system with the natural indraft. 

At that time, the influx of the pressurized gas (the ftiel) 
into the supercharger 18 is prevented by the closure of the 
auxiliary throttle valve 20, and moreover, the lift of the 
auxiliary intake valve 16 is small, and the valve opening- 
area is in a restricted state, and furthermore, it closes 
quickly, and so the amount of pressurized gas to blow back 
into the auxiliary intake passage 19 between the auxiliary 
intake valve 16 and the auxiliary throttle valve 20 is small, 
and the reduction of the compression pressure is prevented. 
Furthermore, when not supercharged as described above, it 
is preferable to have the auxiliary intake valve 16 in the 
closed state and the lift reduced to zero. 

When the load of engine 1 increases and the primary 
throttle valve opens beyond a set value, the auxiliary 
throttle valve 20 begins to open in tandem, the 
electromagnetic clutch 21 enters into the engaged state due 
to the signal from the aperture sensor 26 and the 
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supercharger 1 8 is driven, and by this means supercharged 
air is supplied from the auxiliary intake system 5 to the 
combustion chamber 3 in addition to the new air from the 
primary intake system 2. The charging pressure at the 
auxiliary intake passage 19 downstream from the auxiliary 
throttle valve 20 rises along with the increase in the load of 
the engine 1 and the opening of the auxiliary throttle valve 
20 that results from it. 

This charging pressure is introduced into the 
compression chamber 38d of the actuator 38 at the control 
device 31, and the diaphragm 38c presses against the 
compression spring 38f and is displaced according to the 
size of the charging pressure, and this rocks the timing cam 
17 in the direction of the shaft via the lever 38a, the contact 
position of the cam surface 17a changes in relation to the 
roller 34 of the rocker arm 33, and this increases the 
rocking of the rocker arm 33 so that the lift of the auxiliary 
intake valve 16 increases. 

Thus, at the initial stage of the supercharging range, 
the charging pressure is low, but because the lift of the 
auxiliary intake valve 16 is also low, even if the 
compression pressure rises above the charging pressure just 
before the auxiliary intake valve 16 closes, the amount of 
compressed gas that is blown back into the auxiliary intake 
passage 19 is small. Meanwhile, as the charging pressure 
rises, the lift of the auxiliary intake valve 16 rises 
accordingly, and so it continues to prevent the blowing 
back of the pressurized gas, and a sufficient amount of 
charging pressure is supplied to the combustion chamber 3. 

Moreover, the charging pressure is low during the 
transition where the non-supercharged range switches over 
to the supercharged range, and moreover, blowback does 
not occur, and so the charging pressure is supplied 
gradually, there is no sudden diange in output, and shock to 
the engine I is prevented. 

Furthermore, in the aforementioned example of 
embodiment, in addition to the lift of the auxiliary intake 
valve 16 produced by the control device 31, it also changes 
the timing of valve opening and the timing of valve closing, 
and even if only the lift of the auxiliary intake valve 16 is 
reduced and the and the valve opening-area is in a restricted 
state, it is possible to prevent the pressurized gas from 
blowing back, and so it has an effect even if only the lift is 
increased or decreased, but in addition to this it speeds up 
the timing of die valve closing, and by this means it is 
possible to achieve and addition effect of preventing 
blowback, and so it is preferable. Also, in addition to the 
diaphragm system it is acceptable to employ a hydraulic 
pressure system as the actuator 38, and regarding load 
detection as well, in addition to the charging pressure it is 
also acceptable to detect it from the aperture of the 
auxiliary throttle valve 20. 
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Also, in the aforementioned example of embodiment, 
fuel is only supplied to the primary intake system 2, but it is 
also acceptable to have fuel supplied to the auxiliary intake 
system 5 in addition to the primary intake system 2, and 
furthermore, it is also acceptable to employ a fuel supply 
device that uses a carburetor instead of the fuel injection 
nozzle 12. 

Moreover, regarding the operation of the supercharger 
18, it is driven by the engine I, but it is also acceptable to 
have it driven using an electric motor, and in addition, the 
supercharger 18 is driven and paused by means of the 
electromagnetic clutch 21, but it is also acceptable to have 
it driven constantly and control the relief amount, and on 
the other hand, the control of the aforementioned 
electromagnetic clutch 2 1 can be performed employing any 
kind of signal that changes according to the load of the 
engine 1 such as intake negative pressure and without using 
the aperture sensor 26 of the auxiliary throttle valve 20. 

Accordingly, by means of the present invention as 
described above, in an engine with a supercharger that is 
provided with a primary intake system and an auxiliary 
intake system, by establishing a control device that controls 
an auxiliary intake valve so that its lift is increased 
according to the increase of the load in the supercharging 
range, it is possible to reduce the lift of the auxiliary intake 
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valve in the initial stage of the supercharging range where 
the charging pressure is low and to prevent the pressurized 
gas from blowing back into the auxiliary intake passage, 
and while it exercises the initial supercharging effect by 
preventing a decrease of compression pressure and by 
means of the primary intake system and the auxiliary intake 
system, it is also possible to prevent shock to the engine 
during the transition where the non-supercharged range 
switches over to the supercharged range. 
4. Brief Description of the Drawings 

The figures show one example of embodiment of the 
present invention, and Figure 1 is an overall block diagram 
of the engine with a supercharger, Figure 2 is a structural 
diagram that shows a specific example of the control device, 
and Figure 3 is a curve chart showing the timing of the 
opening and closing of the valves. 

1 ... engine, 2 ... primary intake system, 5 ... 
auxiliary intake system, II ... primary intake passage, 16 
... auxiliary intake valve, 17 ... timing cam, 18 ... 
supercharger, 19 ... auxiliary intake passage, 31 ... control 
device, 32 ... rocker shaft, 33 ... rocker arm, 35 ... 
camshaft, 38 ... actuator. 

Patent Assignee Toyo Industry Co., Ltd. 

RepresentativeAttomey Kiyoichi TANAKA 

[seal: Seal of Representative Kiyoichi Tanaka] 



FIGURE I 
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FIGURE 3 
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ABSTRACT: 

PURPOSE: To prevent a back-flow of a compressed gas in a combustion chamber 
into an auxiliary suction system at the initial stage within a supercharging 
range by providing a controller which controls the auxiliary suction valve such 
that its lift may be increased according to the increase of a load within said 
range. 

CONSTITUTION: In addition to a main suction system 2, an auxiliary suction 
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system 5 is provided and a supercharger 8 is incorporated therein. A 
controller 3 1 detects a supercharged pressure in an auxiliary suction passage 
19 and adjusts a timing cam 17 on the basis of the detection for controlling a 
lift of an auxiliary suction valve 16 to be increased according to the increase 
of a load in the supercharging range. The controlling that the lift of the 
auxiliary suction valve 16 is reduced at the initial stage within said range 
where a supercharged pressure is low may prevent a compressed gas in a 
combustion chamber from being blown back into the auxiliary suction passage 19. 
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